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of repositioning reproducibility. 3D FLASH (coronal T1-weighted,
0.313mm x 0.313mm, 1.5mm slice thickness, TR 20msec, TE
7.6msec) (FL) and 3D MPR-DESS (coronal reformat of sagit-
tal acquisitions, 0.365mm x 0.365mm, 0.7mm slice thickness,
TR 16.5msec, TE 4.7msec) (MPR) were acquired with a USA
Instruments quadrature transmit-receive extremity coil.
The 48 MR image series were analyzed using semi-automated
software that outlined the cartilage in three dimensions. This per-
mitted measurement of the cartilage volume, thickness, and sur-
face area. The reader verified and corrected the software-drawn
contours, where necessary, until the entire volume had been
delineated. The central weight bearing portion of the femoral
cartilage was analyzed and landmarks were used to establish a
consistent choice of regions of interest.
We performed two sets of reproducibility measurements: The
"intra-sequence" reproducibility was determined using duplicate
patient scans from the same pulse sequence. Scans for the
intra-sequence measurements were read in a paired manner
for which the software displayed both images simultaneously.
The "inter-sequence" reproducibility measured the difference be-
tween scans acquired with the two pulse sequences. Readers
were fully blinded for the inter-sequence measurements. The
root-mean square coefficient of variation (RMS CV) was used as
a metric to quantify the reproducibility.
Results: The intra-sequence comparison RMS CV ranged from
0.4% to 2.4% for FL and 0.4% to 1.8% for MPR (Table 1) and
the inter-sequence comparison RMS CV ranged from 1.8% for
cartilage thickness in the medial tibia to 4.6% for cartilage volume
in the lateral femur (Table 2). The intra-sequence reproducibility
was significantly better then the inter-sequence reproducibility.
The difference between intra- and inter-sequence reproducibility
is likely related to a combination of the blinded readings and the
difference in image contrast.
Table 1. Intra-sequence reproducibility (RMS CV)
Pulse sequence: region Volume Bone Cartilage Thickness
(%) Surface Area Surface Area (%)
(%) (%)
FL medial femur 1.0 0.4 0.4 1.0
FL lateral femur 2.0 0.8 0.4 1.8
FL medial tibia 1.1 0.6 1.1 1.2
FL lateral tibia 1.8 0.4 1.8 2.4
MPR medial femur 0.7 1.0 0.7 1.0
MPR lateral femur 1.3 0.9 0.4 1.0
MPR medial tibia 1.7 0.6 1.0 2.3
MPR lateral tibia 1.5 0.4 1.1 1.1
Table 2: Inter-sequence Comparison (RMS CV)
Region: pulse sequences Volume Bone Cartilage Thickness
(%) Surface Area Surface Area (%)
(%) (%)
Medial femurFL - MPR 3.8 4.0 3.7 2.3
Lateral femurFL - MPR 4.6 3.2 3.4 2.9
Medial tibiaFL - MPR 4.0 3.9 3.0 1.8
Lateral tibiaFL - MPR 3.6 2.4 2.0 2.7
Conclusions: Semi-automated analysis of 3D FLASH and 3D
MPR-DESS image contrast resulted in highly reproducible mea-
surements of cartilage volume, thickness and surface areas in
both OA and normal subjects. We observed no significant differ-
ence in the reproducibility of quantitative measures between FL
and MPR. These automated quantitative techniques are promis-
ing for future longitudinal studies.
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Purpose: Osteoarthritis (OA) of the hip affects the whole joint.
The femoral head becomes flattened and deformed and there is
an increase in cancellous bone, appearing as sclerosis in radio-
graphs. We previously built a computer model using radiographs
that can measure changes in the shape of the femoral head
over time and between individuals. We could not only quantify
the deformation of the femoral head over time, but also identify
significant differences in the shape of the femur before OA was
detectable using the Kellgren-Lawrence (KL) scoring system.
The aim of this study was to transfer the model to DXA images
and thereby extend it to include the internal structure of the femur
in terms of the distribution of bone mineral density (BMD).
Methods: DXA images (Lunar Expert XL DXA scanner) were
obtained from the baseline of the Aberdeen cohort of the Osteo-
porosis and Ultrasound study (OPUS), a prospective European
multicentre study to evaluate diagnostic methods for the assess-
ment of osteoporosis in a random population sample. 100 images
were selected to encompass the full range of signs of radiograph-
ical OA (KL grades 0 - 4) and scored twice by a rheumatologist,
several weeks apart, using the KL grades. A computer model
(an Active Appearance Model (AAM)) was built of the proximal
femur. The AAM is an extension of the Active Shape Model
(ASM) that models not only the outline of the femur, but also the
‘texture’ of the femur on the DXA image (BMD distribution) and
the relationship between them (the ‘Appearance’). Each of these
features is represented in the model by a series of ‘modes’ and
assigned a value (a ‘mode-score’) as the number of standard
deviations from the mean for that mode from the whole set of
images.
Results: The KL scores assigned to the DXA images identified
21 Grade 0, 46 Grade 1, 23 Grade 2, 6 Grade 3 and 4 Grade
4 subjects. Assessment of intra-observer repeatability showed a
weighted-Kappa = 0.70 and an Intra Class Correlation Coefficient
of 0.83. The AAM identified the flattening and deformation of
the femoral head as the K-L score increased and the pattern
of texture changes provided a numerical assessment of the
sclerosis seen qualitatively. Significant correlations were found
between the KL scores and the shape of the femur, the BMD
distribution and measures of Appearance (p < 0.05) found by
the AAM.
Conclusions: This study has shown that changes in the shape
of the femur and its internal structure can be modelled statistically
from DXA images and correlate well with traditional clinical
scores of osteoarthritis. The differences in the shape of the
proximal femur are consistent with our previous findings in the
radiographic study and the use of the appearance model in
combination with DXA scans enabled us to model the BMD
distribution in OA. We have also shown that it is possible to
apply the KL score with the same intra-observer repeatability
from a DXA scan as many studies have found using standard
radiographs. The combination of DXA and Appearance Modelling
may provide a valuable tool for identifying early stages of OA
and quantifying the progression of the disease.
